A computer-based data storage and analysis system has been used to examine data obtained from i257 patients admitted to an intensive care unit. The system readily provides administrative and clinical information which can be used to assess the workload, therapeutic efficiency and costeffectiveness of such a unit. As the data-base expands, we expect that we will be able to identify sensitive predictors of both complications and mortality and thereby permit the more efficient use of intensive therapy.
Despite the widespread acceptance of the concept of intensive therapy, there are few reports which quantitate the work-load and therapeutic efficacy of such technologically advanced, but expensive, care. I -4 In order to evaluate our performance, a computer-based clinical data analysis system has been running at the intensive care unit of Prince Henry Hospital since January 1980. At its inception, the principal aims of the project were: 1. To measure the work-load of the unit in terms of numbers of patients treated and procedures performed, and to derive medical, nursing and equipment requirements in order to justify these in a budgetary context. 2. To monitor performance by recording the incidence and causes of morbidity and mortality, and to relate them to therapeutic techniques used. 3. To develop prognostic indicators so that for any selected class parameters (such as age, admission diagnosis, monitoring used etc.) we would be able to predict outcome in terms of morbidity, mortality and duration of illness. 4 . To assist in assessment of the costeffectiveness of our activities in the context of the financial constraints imposed upon us, so as to be able to identify those groups of patients most likely to derive benefit from costly procedures.
The intensive Care Unit
The nine-bed unit serves a 648 bed teaching hospital which acts as a specialist referral centre for cardiac and neurosurgery, spinal injuries and renal medicine. The unit is staffed by three staff specialists sharing the duties of director, a registrar and three medical residents with the nursing staff consisting of 16.6 sisters and 6 trainee nurses.
Data Collection and Handling
Data pertaining to each patient admitted to the unit are recorded on a two-page data sheet. The first page of the sheet records biographic and administrative information and details of the therapeutic, monitoring and diagnostic techniques used. On the second page, pathological events grouped by physiological systems, are recorded ( Figure 1 ).
The user is constrained to give a single 'primary' cause for admission (e.g. 'thoracic trauma'), but is permitted to record as many items of 'associated pathology' as he wishes (e.g. 'pulmonary contusion + flail segment + head injury). Any pathological process which ·"1" • PRIMARY ADMISSION Ir-;DICATION ... " Once the sheet is completed, the data are transcribed onto standard IBM type data cards (2/patient), verified in order that transcription errors are eliminated, and then read into a raw data file on a CDC 6000 computer system ( Figure 2 ). An input program checks each dataunit (patient) for computer detectable errors or inconsistencies and if found acceptable, the data-unit is added to the permanent data file of the system in 'card-image' format. In all, approximately 30 checks are made on each patient's data. If data are rejected, the reason Anaesthesia and Infensive Care, Vol. X. No. 3, August, 1982 for rejection together with the patient details are returned to the terminal. For example, it is not permissible to record an autopsy as having been performed if the patient is not also said to have died. A separate output program is used to perform the analyses. Using simple commands, the user interactively defines the particular analysis he wants and thereby constructs a matrix into which all pertinent data are sorted. Thus, if desired, one can examine the records of all patients admitted between specified dates, who underwent pre-admission cardiac surgery and who suffered from a dysrhythmia postoperatively. Data from these records can then be displayed in one of seven different formats (Table I) . The data-base is easily converted to an SPSS* compatible file and is protected against inadvertent loss by the maintenance of three separate copies (disc, magnetic tape, punched cards). Typical execution time for the procedure is 20-30 msec/patient.
Data Analysis
The analyses presented below are examples of the applications discussed in the introduction. They are based on data obtained from the first 1257 patients admitted to the data-base. These patients were admitted consecutively over a period of 100 weeks from January 1st, 1980.
Workload Monitoring
The age-decade: frequency distribution of the patients admitted during the study period is shown in Figure 3 .
As others have found, age distribution of the patients was bi-modal with peaks in the third and sixth decades. 4 The overall mortality rate was 110,10 (144 patients). Bed occupancy for the period was 7.3 beds/day and the average duration of stay was 4.1 days. Pre-admission surgery was the most common 'primary' indication for admission to the unit accounting for 56% of all admissions (Table 2) . Trauma, a depressed conscious level, pre-admission cardiac arrest and subarachnoid haemorrhage constituted the most frequent of the remaining 'primary' indications.
Nearly 50% of our admissions required ventilation, 13% of them requiring assistance for a period longer than 24 hours. Circulatory support in the form of vasoactive infusions were given to 19% of our patients, and renal support with either peritoneal or haemodialysis ·Statistical package for the Social Sclences. S was required in 3UJo. Approximately two thirds of patients were subjected to direct arterial pressure monitoring and in 6UJo pulmonary arterial catheters were used ( administration that in fact the establishment was insufficient when allowances were made for resignations, holidays and study leave and additional permanent nursing staff were approved.
Performance Monitoring
Surveys can be applied to unit policies or methods, to some aspects of the performance of the referring team or for comparison with published data from other units. The data analysis system was used to monitor the impact of a change in unit policy regarding the control of postoperative pain. Between January and June 1980, there was no protocol defining the methods of administration of postsurgical analgesia. A data-review conducted at ~he end of this period highlighted a deficiency III our management of postoperative pain in that only 37070 of all post-surgical patients were treated with either epidural analgesia or continuous narcotic infusions. As a result of this survey, we restricted the use of intermittent opi~te analgesia and in the corresponding penod of 1981 our usage of epidural and infusion analgesia rose to 66%. It is interesting to note that the incidence of pulmonary collapse or consolidation fell from 20% in the first six-month period to 14% in the second. 911 patients had undergone surgery prior to admission (Table 4 ). Of these, 757 were admitted directly from the operating theatres, but 95 arrived having first been returned to the general wards. We postulate that this 'from the ward' referral rate for postoperative patients reflects both the adequacy of intensive care facilities and the standards of general postoperative care within the hospital. We are not certain what constitutes the optimal rate. A figure close to zero would strongly suggest over-provision of intensive care facilities. A high referral rate may imply either that our facilities are inadequate and that, by default, patients who would normally require intensive therapy are being nursed in low-dependency areas or that surgical/anaesthetic staff triage is failing to detect those patients likely to develop complications. However, by monitoring yearto-year trends we may at least be alerted to a deteriorating situation and be able to take remedial action.
Comparisons between units are often not difficult. For example Tomlin published "in unit" mortality data from the Queen Elizabeth Hospital, Birmingham. 2 Such figures can readily be compared to our data.
Prognostic Indicators
Intensive therapy is extremely costly and the community has a right to demand that resources be utilised to maximal effect. Equally, the patient in our community has a right to high quality health care, but must be spared needless suffering. It is therefore essential that the physician responsible for administering this form of health care be in possession of the best possible information on likely outcome of disease processes and therapeutic interventions.
Is any patient too old for intensive care? Perusal of Figure 1 reveals that mortality, at present, is evenly distributed and no basis exists in our data for a "cut off" age for admission.
More complex example of analysis of prognostic factors is the examination of patients with renal failure and/or a depressed level of consciousness ( Table 5 ).
The overall mortality rate for renal failure was 48OJo and that for a depressed level of consciousness 26OJo. If renal failure was accompanied by a depressed level of consciousness mortality rose by 76OJo. However, within this latter group, the 11 patients who were admitted by general physicians had a mortality rate of 100OJo, whereas the 9 managed principally by cardiac surgeons had a mortality rate of 56OJo. Of course, we do not suggest that general physicians are 'worse' at managing renal failure than cardiac surgeons but rather that the group of patients who present themselves in renal failure to physicians have quite different pathology compared with those who present to cardiac surgeons.
Tomlin reported figures which suggest that the occurrence of multiple pathology was a highly significant contributor to the overall mortality rate. 2 Our example ( Table 5 ) also demonstrates this cumulative effect on mortality. Indeed, numerous examples from our data-base suggest that the overall mortality for any disease complex can be derived by summation of the mortality rates for the component disease states.
Cost-effectiveness
To permit efficient allocation of effort, resources and funds some triage is necessary in chosing patients for intensive care. As resources in the health sector become increasingly limited it becomes imperative to select patients who will benefit from intensive therapy and to perform only those procedures which will contribute to the patient's recovery. Therefore, decisions can be based only on careful analysis of available data.
For example, the 1257 patients underwent 4726 recorded therapeutic procedures (3.76/patient), suffered 986 complications (0.9/patient), and 144 died (11OJo). In the subgroup of 31 patients who suffered from septicaemic shock, there were 270 recorded procedures (9.0/patient), 185 complications (6.65/patient), a mortality rate of 84OJo and a duration of stay in the unit of more than three times the average. Quite clearly, this subgroup consumed a much greater proportion of intensive care resources and received far less benefit than the average patient. Conclusion Physicians who deal with critically ill patients must make decisions which result in the allocation of limited and costly resources to individual patients. 7 In this context, errors of two types are possible: allocation of resources to those who will not benefit or denial of resources to those who will. Sound decisions need accurate data for their basis. As controlled trials comparing intensive therapy with care given in general wards are usually ethically impossible, careful recording and analysis of clinical data is essential to permit evaluation of the results of policies and procedures.
